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ABSTRACT
We calculate the one-loop QCD corrections to t ! ~t1 ~0j , including QCD and su-
persymmetric QCD corrections. The analytic expressions for the corrections to the
decay width are given, which can easily be extended to t ! ~+j
~bi. The numerical
results show that the correction amounts to more than a 10% reduction in the par-
tial width relative to the tree level result. We also compare the corrections in the
no-mixing stop case with those in the mixing stop case.
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The top quark has been dicovered by the CDF and D0 Collaboration at Fermilab Teva-
tron[1]. Due to its large mass, there is plenty of phase space available for more two-body
decay modes. In the Standard Model, t ! W+ + b is the dominante decay mode. Beyond
the SM, beside the top decay into the charged Higgs plus bottom, the most important decay
channel of the top quark is the supersymmetric dacay into the lighter stop plus neutralino,
which have been extensively discussed at tree level[2]. It is generally expected that the
lighter of the two stops is signicantly lighter than the other squarks because of the large
top quark Yukawa coupling which drives diagonal stop masses to small values and enhance
the o-diagonal mixing of left-handed and right-handed stops, and the present squark mass
collider limits do not apply to the lighter stop. The best current bounds for stop mass is up
to 55GeV from LEP at
p
s = 130 − 140 GeV[3]. The D0 experiments at the Tevatron have
excluded the existence of the stop lighter than 100GeV under some assumptions[4]. Since the
lightest neutralino is the lightest supersymmetric particle, the decay t ! ~t1 ~01 could occur
in a reasonable volume of parameter space with a sizeable branching ratio[2]. Although the
one-loop radiative corrections to t!W+b and t! H+b were calculated a few years ago[5,6],
the radiative corrections to t! ~t1 ~0j and t! ~
+
j
~b1 have not been calculated so far. In this
paper we present the calculation of the one-loop O(s) corrections to the top quark decay
into lightest stop plus neutralino, including QCD and supersymmetric QCD contributions.
Our results can be straightforwardly generalized to the decay t! ~+j ~b1, where ~b1 stands for
the lighter sbottom.
2. Tree-level rate
In order to make this paper self-contained, we present here in some detail the relative
interaction Lagrangians of the Minimal Supersymmetric Standard Model (MSSM) and the
Born rates of t ! ~t1 ~0j . The interaction of top and stop with neutralinos and gluino are
1
given by[7]





~ti + h:c:; (1)
and
Lt~ti~g = −gsT



















(sin  − cos ); (4)
L1j = Aj cos  − Cj sin ; L2j = −Aj sin  − Cj cos ; (5)

























N 0j1 = Nj1CW +Nj2SW ; N
0
j2 = −Nj1SW +Nj2CW ; (9)
Here SW  sin W ; CW  cos W , PL;R 
1
2
(1 γ5), and Nij are the elements of 4 4 matrix
N dened in Ref.[7] and can be calculated numerically. T a are the Gell-Mann matrices and
 is the mixing angle between left- and right-handed stops which are related to the mass
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are the soft SUSY-breaking mass terms for left- and right-handed stops, 
is the supersymmetric Higgs mass parameter in the superpotential, At is the trilinear soft
2
SUSY-breaking parameter, and tan = v2=v1 is the ratio of the vacuum expectation values
of the two Higgs doublets.


















where (x; y; z) = (x− y − z)2 − 4yz.
3. Virtual corrections
In our calculation, we use dimensional regularization to regulate all the ultraviolet di-
vergences in the virtual loop corrections. Note that although the dimensional reduction
scheme[9] preserves supersymmetry, to rst order in the QCD and weak couplings, there
is no the dierence between the dimensional regularzion and dimensional reduction. To
regulate the infrared divergences associated with the soft and collinear gluon emission, we
give the gluon a nite small mass  which is legitimate here since the non-Abelian nature of
QCD does not show up at this order. We also adopt the on-shell renormalization scheme[10],
in which the coupling constant and the physical masses are chosen to be the renormalized
parameters. The nite parts of the counterterms are xed by the renormalization conditions
that the quark and the squark propagators have poles at their physical masses. For the
QCD and SUSY-QCD corrections to the decay t ! ~t1 ~0j we are considering, only the top
quark mass and the stop mixing angle in the bare coupling have to be renormalized. By
introducing appropriate counterterms, the renormalized amplitude can be expressed as
Mren = −i
p
2u(~0j)(aPR + bPL)u(t) (13)
with



































where QCDL;R and 
SUSY−QCD
L;R are the vertex corrections from the irreducible vertex diagrams
in Fig. 1(d) and Fig.2(c), expressions for which will be given in what follows, and L1j and
R1j are the shifts from the bare couplings to renormalized couplings, as mentioned above,
which can be performed by renormalizing the top quark mass and the stop mixing angle and

























j sin : (18)
The counterterms and the renormalization constants in Eqs.(14-17) are dened as
m0t = mt + mt; 
0 =  + ; (19)
t0 = Z
1=2
t t = (1 + Z
L




~t01 = (1 + Z11)
1=2~t1 + Z12~t2: (21)



























































where the sum over i(= 1; 2) is implied, and


























Here,   1

− γE + log 4 with D = 4− 2, the space-time dimension, and γE, the Euler
constant. The color factor CF = 4=3 for SU(3) and  is the ’t Hooft mass parameter in the




































































We have xed the wave function renormalization constants and the top quark mass
counterterm by the condition of on mass-shell renormalization scheme. The mixing angle
counterterm is xed by the requirement that  can cancel exactly the remainder of the sum
of all ultraviolet(UV) divergent terms in the square of the renormalized ampltude and enforce
the UV niteness of physical observables. According to the above requirement, we found
actually that if only the mixing angle counterterm equals to the minus of the counterterm
Z12, i.e.
 = −Z12; (31)
all the ultraviolet divergences will cancel in the virtual corrections to the decay width, as
can be seen later. This result of mixing angel renormalization is in agreement with Ref.[11].
The calculations of the irreducible vertex corrections from Fig. 1(d) and 2(c) result in
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1jPR)mtm~0j (C11 − C12)
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and
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respectively. Here the sum over i(= 1; 2) is implied, and
S
(1)
ji = (1i + 1i)Rij; S
(2)
ji = (1i − 1i)Lij;
S
(3)
ji = (1i + 1i)Lij; S
(4)
ji = (1i − 1i)Rij;
S
(5)
ji = (1i − 1i)Lij; S
(6)
ji = (1i + 1i)Rij
S
(7)
ij = (1i + 1i)Lij ; S
(8)
ji = (1i − 1i)Rij ; (34)
and ij = aibj − biaj, and C0, Cij are the three-point Feynman integlas and their dinition
and expressions given in the appendices of Ref. [12].
























































































0 + L1j2 +R1j1
io
; (35)
where QCD0 and 
SUSY−QCD
0 are the poles of the QCD and SUSY-QCD vertex corrections,
























j = −R2j −R2j cos 2 −R1j sin 2; (39)
S
(2)
j = L2j − L2j cos 2 − L1j sin 2: (40)
We have checked analytically that all the ultraviolet divergences canceled indeed in the
virtual corrections to the decay width, but the infrared divergent terms still presist.
4. Real corrections
As is well known[13], to cancel the infrared divergences (! 0) of the virtual corrections,
one needs to include the real-gluon emission, namely, t ! ~t1 ~0jg, as shown in Figs.1(e,f).
Again we regulate the infrared divergences, associated with the soft and collinear real-gluon
emission, by the same nite small gluon mass . For the calculation of the real correction to
the partial width, we have to perform the integration of the three-body phase space. Here









































tI00 − I0 − I1]

;(41)
where the denition of the functions Ii; Iij(mt;m~t1;m~0j ) can be found in Ref.[14]. We also
have checked numerically that infrared divergences in Γreal and Γvirt cancelled.
5. Numerical results and discussions
In the following we give the numerical results for t ! ~t1 ~01, where ~
0
1 is the lightest
neutralino. In our numerical calculation, we xed M = 200GeV;  = −100GeV and used




M [7] to x M 0. As to the parameters in stop sector, we assumed
M~tR = M~tL and take At+ cot  as one parameter. So there are three free parameters in stop
sector, and we choose m~t1; tan  , and (At+ cot ) as three independent parameters. Other
input parameters are mZ = 91:188GeV; em = 1=128:8, and GF = 1:16637210−5(GeV )−2.






















Fig.3 are the plots of relative correction to the decay rate (Γ=Γ0) versus lighter stop
mass for m~g = 500GeV and tan  = 11, where the solid one corresponds to At + cot  = 0,
i.e. the no-mixing case, while the dotted one corresponds to At +  cot  = 100GeV, i.e. the
mixing case. Note that in this gure the lightest neutralino mass m~01 = 68GeV . We can see
from this gure that the correction size in the mixing case is larger than in the no-mixing
case, which can reach -20% for m~t1 = 100 GeV. Fig.4 shows the dependence of the relative
correction to the decay width on the value of gluino mass for m~t1 = 50 GeV. Other parameter
values are the same as in Fig.3. For the solid line, m~t1 = 50 GeV and m~t2 = 64 GeV, and
8
we can see two peaks at m~g = 112 GeV and m~g = 126 GeV, respectively. This is due to
the fact we have set mt = 176 GeV in numerical calculation and the threshod for open top
decay into gluino and stop is crossed in that region. For the dashed line, m~t1 = 50 GeV and
m~t2 = 194 GeV, and thus we can see only one peak at m~g = 126 GeV.
When gluino mass is heavier than 200 GeV, the correction size in the mixing case is
larger than in the no-mixing case, and both corrections increase with gluino mass. The
decoupling eects did not happen here, which is dierent from virtual SUSY corection to
the decay and production processes in the SM. In Fig.5 we present the dependence of the
relative correction to the decay width on the value of tan  for m~g = 500GeV, m~t1 = 50 GeV
and At +  cot  = 100GeV. Only in the region of tan < 2, the correction to the decay
width is sensitive to the value of tan .
In conclusion, we have shown that the one-loop QCD corrections to t! ~t1 ~0j can exceed
-10% in both the no-mixing and the mixing case of stop masses, and such corrections are
not sensitive to tan  for tan > 2.
Note added: When we have nished the calculation of this paper, we found a paper (hep-
ph/9605340) by A.Djouadi, W.Hollik and C.Junger, who also calculated the QCD correction
to the process t! ~t1 ~0j . It is dicult to compare our analytical results with theirs because
of using dierent notations. But their numerical results are in qualitative agreement with
ours.
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Figure Captions
Fig.1 Feynman diagrams of tree-level and QCD corrections.
Fig.2 Feynman diagrams of SUSY-QCD corrections.
Fig.3 The plots of relative correction to the decay rate versus lighter stop mass for
m~g = 500GeV and tan  = 11. The solid and dotted lines correspond to At +  cot  = 0
and At +  cot  = 100GeV, respectively.
Fig.4 Same as Fig.3, but versus gluino mass for m~t1 = 50 GeV.
Fig.5 The plot of relative correction to the decay rate versus tan  for m~g = 500GeV,
m~t1 = 50 GeV and At +  cot  = 100GeV.
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